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Abstract-- X-ray diffraction patterns obtained from montmorillonite-dextran complexes prepared with 
either B-512F or Polytran dextran showed maximum oven-dry crystal expansions of about 5.3 A. 
X-ray diffraction patterns of individual complex preparations containing < 20 per cent dextran 
showed evidence of both expanded and collapsed crystals. The observation of expanded and collapsed 
crystals in individual preparations has not been previously reported and was apparently related to clay 
preparation. An estimate of the quantity of dextran which could be interacting with the silicate surface 
was obtained using polymer adsorption weights and volumes. At maximum adsorption almost all 
adsorbed B-512F could be in contact with the mineral surface, but only two thirds of the adsorbed 
Polytran could be in contact with the mineral surface. 

INTRODUCTION 
PREVIOUS reports of interlamellar adsorption of 
polysaccharides by montmorillonite show a single 
first order diffractogram peak in individual clay- 
complex preparations (Clapp et al., 1968; Parfitt, 
1969; Parfitt and Greenland, 1970) which indicates 
a single basal spacing exists. The (001) spacings 
of montmorillonite B-512F dextran complexes 
have been reported by Clapp et al. (1968) and 
Parfitt and Greenland (1970) for several complexes. 
Parfitt and Greenland (1970) have also reported 
(001) spacings for montmorillonite-amylose com- 
plexes. There has been no suggestion of more than 
one first order peak observed, although the added 
dextran was often insufficient to saturate the miner- 
al surface area. A comparison of previously pub- 
lished spacings is shown in Table 1. 

This paper reports the formation of montmoril- 
lonite-dextran complexes exhibiting both collapsed 
and expanded crystals in individual complex prep- 
arations. Adsorbed volumes of dextran and volume 
available for dextran adsorption are also compared. 

*Contribution from the North Central Region, Agricul- 
tural Research Service, USDA, in cooperation with the 
Department of Soil Science, University of Minnesota, 
Paper No. 8189, Scientific Journal Series, Minnesota 
Agricultural Experiment Station. 

tPresent address: U.S. Water Quality Management 
Laboratory, P.O. Box 322, Durant, Oklahoma 74701, 
U.S.A. 

~:Company or trade names are mentioned for the 
reader's benefit and do not imply preference by the 
USDA over products or companies not mentioned. 

EXPERIMENTAL 

Materials 
The montmorillonite used was a bentonite from 

Clay Spur, Wyoming (obtained from J. W. Jordan, 
Baroid Division, N L  Industries, Inc., Houston, 
Texas). The clay consisted of < 2/zm esd par- 
ticles which had been centrifuged and spray dried. 
The partially refined clay was hydrated and treated 
with 30 per cent H~O2 to remove any traces of 
organic matter. After destruction of excess 
peroxide, the clay was flocculated with NaC1 and 
washed five times with 1M NaC1. The clay was 
subsequently washed with water until the resis- 
tance of the supernatant solutions showed no fur- 
ther increase with continued washing (4-5x). A 
large portion of very fine clay remaining in suspen- 
sion after centrifugation (35,000 rcf, 15 min) during 
excess chloride removal was discarded and com- 
plexes were prepared with the coarse fraction of 
refined clay. Final wash solution resistance was 
about 1.6 • 105 ~ and final clay suspension pH was 
about 6.9. After excess salt removal, the clay was 
resuspended in water and freeze-dried. Further  
details are given elsewhere (Olness, 1973). 

Two glucose polymers, identified as Polytran 
and B-512F, which had linkage variations as a pri- 
mary distinguishing feature, were used in this study. 
Both polysaccharides had molecular weights 
/> 2 • l0 s as determined by Sephadex gel filtration. 
Polytran~ (obtained from the Pillsbury Company, 
Minneapolis, Minnesota) is a fermentation product 
which has about 75 per cent / 3 - 1 ~  3 linked 
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Table 1. Basal spacings ofmontmorillonite-polysaccharide complexes 

Dextran (001) Spacing 
Saturating 

cation Type Content Air-dry Oven-or P2Os-dry Ref.* 

(%) (A) 
Na None 0-0 11.4___0.2 9"7-+0'1 COH 
Na B-512F 4-8 12-8___0-2 10-0-+0-2 COH 
Na B-512F 9.2 14.0__-0.1  13.8-+0.1 COH 
Na B-512F 16-3 15-4__-0 .4  14-6-+0.4 COH 
Na B-512F 20-0 16.0 14.7 PG 
Na B-512F 25.6 16 .6 -* -0 -6  15.8--+0-2 COH 
Na B-512F 31-4  17.6• 16-9-+0.1 COH 
Ca B-512F 10-7 14.3 13.7 PG 
A1 B-512F 9-0 14.8 13.5 PG 
Na Amylose 9.0 13-0 12.7 PG 
Ca Amylose 9.0 15.8 14.1-15.5 PG 

*COH = Clapp, Olness and Hoffman (1968); PG = Parfitt and Greenland (1970). 

units and 25 per c e n t / 3 - 1  ~ 6 linked monoglu- 
coside branch units. This dextran was purified by 
repeated precipitation in e thanol-acetone mixtures 
after resuspension in water and freeze dried. The 
final preparation contained about 5 per cent low 
molecular weight dextran (104-105 MW). 

The B-512F dextran (obtained from A. Jeanes, 
Northern Regional Research Laboratory,  U S D A ,  
Peoria, Illinois) is a fermentation product contain- 
ing about 95 per cent a -  1 --~ 6 and 5 per cent 
c~ - I  ~ 3 linkages produced by Leuconostoc 
mesenteroides (Jeanes et al., 1954). The freeze- 
dried B-512F dextran contained no trace of < 105 
MW polymer and was used as received. 

Methods 
Complexes were prepared by pipetting solutions 

of  dextran into 1 per cent clay suspensions in 50-ml 
polycarbonate centrifuge tubes. The clay was sus- 
pended for about 1 hr with a magnetic stirrer prior 
to dextran addition. Polysaccharide solutions were 
centrifuged (1 hr, 35,000 rcf) to remove any traces 
of particulate or incompletely dissolved material 
immediately prior to addition to the clay suspen- 
sions. The c lay-dextran mixtures were equilibrated 
with stirring for about 4 hr on a magnetic stirrer. 
Complexes were centrifuged, washed twice with 
water, and freeze-dried. 

Adsorbed dextran was determined by subtract- 
ing the quantity of polysaccharide recovered in the 
supernatant and wash solutions from the total 
amount applied. Carbohydrate was determined by 
a modification of the anthrone procedure (Olness, 
1973) of  Scott and Melvin (1953). 

Clay and c lay-polymer  complex X-ray analyses 
were obtained with a General  Electric XRD-5 dif- 
fractomer using nickel filtered copper Kc~ radiation 

in an atmosphere of about 10 per cent r.h. Oriented 
samples were prepared by pipetting clay or clay 
complex suspensions on glass slides and allowing 
the suspension to air dry to a paste consistency. 
Slides were then equilibrated in a desiccator for 2 
1-week periods, the first week over saturated 
K2CrzO7 (52 per cent r.h.) and the second week 
over saturated CaClz (32 per cent r.h.). After  the 
slides had been examined at these moist states, 
they were oven-dried at 105~ for 24 hr and stored 
in a desiccator over P205. Examination of the oven- 
dry complexes under vacuum (10-4mm Hg), by 
R. Gast ,  University of Minnesota, St. Paul, 
substantiated observations reported here and indi- 
cated no change due to water  vapor adsorption in 
the oven-dry complexes during X-ray analysis. 

RESULTS AND DISCUSSION 

Adsorpt ion curves for the dextrans are shown 
in Fig. I. All  added dextran was adsorbed for 
application levels ~< 10/100 mg clay. The Polytran 
adsorption maximum was approximately 62/100 
mg clay and was significantly greater than the 
B-512F adsorption maximum of 44/100 mg clay. 

A compilation of the (001) X-ray diffraction 
peaks for complexes equilibrated at 52, 32 per 
cent r.h., and oven-dried is presented in Table 2. 
Only slight differences exist between the (001) 
spacings of montmoril lonite-dextran complexes 
equilibrated at 52 and 32 per cent r.h. Diffracto- 
grams of c lay-Polyt ran  complexes that had been 
oven-dried for 24 hr at 105~ show two first order 
(001) peaks and shoulders in the patterns of the 
3.6, 7-3, and 16.6 per  cent dextran complexes 
(Fig. 2 and Table 2) indicating more than one basal 
spacing. This result is in contrast  with previously 
published work, which reported single basal spac- 
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Fig. 1. Adsorption of Polytran and B-512F dextran on 
Na-montmorillonite. 
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Fig. 2. X-ray diffractograms of oven-dry montmorillonite- 
Polytran complexes. Patterns: A, 37-2%; B, 34-8%; C, 

16.6%; D, 7.3%; E, 3.6%; F, Na-mommorillonite. 

ings (Clapp et al., 1968; Parfitt, 1969; Parfitt and 
Greenland, 1970). The 3.6 per cent Polytran 
complex pattern (Fig. 2, e) shows a well-defined 
peak at about 9.9/~ indicating a collapsed c rys ta l  
structure. Also present is a well-defined shoulder 
located at about 13.5 ~,, suggesting the presence of 
expanded cry stal s. 

As the dextran content of the complex increases, 
the peak representing a collapsed crystal spacing 

Table 2. Basal spacings of montmorillonite-polysacchar- 
ide complexes equilibrated at different r.h.* 

Dextran (001 ) Spacing 

Type Content 52% 32% O.D. 

(%) (A) 
None 

(clayonly) 0.0 12.6 11.7 9.7 
Polytran 3-6 12.8 12 .6  9.9& (13.5)t 
Polytran 7.3 13-6 13.4 13.8& (10.5) 
Polytran 16.6 13.0 14.2 14.5 & (10.5) 
Polytran 34.8 14.5 14-7 14.5 
Polytran 37.2 16.4 17.0 15.5 
Polytran 14.5r 15.2 14.7 15-5 
B-512F 4.5 13.0 13 .0  9.8& (13.6) 
13-512F 8.2 13.4 13-6 14.0& (10.4) 
B-512F 14.6 15.2 14.5 14.2& (10.4) 
B-512F 26-3 15.6 15.9 14.8 
B-512F 30.5 16.8 16.2 14.6 
B-512F 12.7r 16.8 15.9  15.1 

*Equilibration conditions: 52%, saturated KzCr2OT; 
32%, saturated CaClz; O.D., oven-dried at 105~ 

tValues in parentheses represent secondary first-order 
reflections which produced shoulders orpeaks on the same 
patterns. 

r flocculated with sodium sulfate. 

diminishes in intensity and disappears for complex- 
es containing more than 20 mg dextran/100 mg clay. 
The shoulder at about 13.5A increases in intensity 
and becomes a relatively well-defined peak having 
a central location at about 14-5A. No  evidence of 
spacings greater than 15,~ are found in any of the 
diffractograms of the Polytran complexes dried at 
105~ 

The X-ray diffTactograms of oven-dried clay 
B-512F complexes (patterns not shown) also indi- 
cated the presence of both collapsed and expanded 
crystals at low levels of dextran adsorption. The 
4.5 per cent dextran complex had two peaks at 9-8 
and 13.6 A which were nearly equal in intensity and 
distinctness. Patterns of complexes containing 
greater quantities of B-512F show the same trend 
as the Polytran complexes in that the 9.8-9.9 ,~ 
peak disappears gradually while the 13.6-14.6 ,~ 
peak increases in intensity and distinctness with 
increasing dextran content. 

With only one exception, no oven-dried complex 
preparation indicated an interlamellar expansion of 
greater than 5-3 ~,. This observation indicates that 
no complex formed which contained more than 
one equivalent intedamellar layer of adsorbed 
dextran. While the X-ray diffractograms are char- 
acteristic of a sodium-saturated montmorillonite 
(Pattern f, Fig. 2), the formation of only a mono- 
molecular layer of adsorbed dextran in the inter- 
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lamellar regions seemed inconsistent with the 
expected results. An adsorbed monolayer ofdextran 
on each silicate surface might be expected. 

The maximum surface area of montmorillonite 
is approximately 800 mZ/g (Grim, 1968). The inter- 
lamellar surface area has been estimated to be 
approximately 90 per cent of the total area or about 
720 m2/g (Grim, 1968). Using 5.3 A as a maximum 
expansion for adsorbed dextran, the volume avail- 
able for dextran adsorption can be calculated in the 
following manner: 

Vr = Total  available adsorption volume. 
V1 = Total  available interlamellar adsorption 

volume. 
VE -- Total available external adsorption volume. 
v~,= v, + v~ 

7 2 m  z 1 104cm 2 10 -8cm 
V~ -- - - 1 0 0  mg • 2 1 5 2 1 5  (15.0-9.7)A • 

= 19.1 • 10 -3 cm3/100 mg clay. 

The factor of �89 is required in computing Vt since 
two interlamellar surfaces bound a single inter- 
lamellar volume. Using a similar treatment, V~ can 
be determined as about 4.2 • 10 -3 cm3[100 mg clay. 
Thus VT is about 23.3 x 10 -3 cm3/100 mg clay. 

The volume of B-512F dextran adsorbed at 
maximum adsorption can be calculated by assum- 
ing a volume for dextran of about 160 ,~3 per an- 
hydroglucose unit (the molecular volume of glucose 
calculated from a density of 1-56 g/cm 3 is about 
171 ,~3, Handbook o f  Chemistry and Physics, 
1969). The use of an anhydroglucose unit volume 
of about 160 ~3 gives a dextran density of about 
1.5 g/cm 3. 

VD = Volume of dextran adsorbed 

A~ 160 x 4 4 m g  mmole_ 1AGU_ 1 
A G U  162mg 

6"02• 10 ~~ 10 -24cm 3 
• mmole A G U  •  

= 26.5 • 10 -3 cm3/100 mg clay. 

These calculations would imply that a major 
portion of the adsorbed B-512F may be closely 
associated with the surface of the clay at maximum 
dextran adsorption. 

A similar treatment to determine the volume of 
Polytran adsorbed at maximum dextran adsorption 
would give a value of about 36.9• 10-3cm3[100 

mg clay. Thus a large portion of the adsorbed Poly- 
tran may not be associated with the clay surface at 
maximum adsorption. This conclusion regarding 
Polytran has been supported by enzymatic studies 
(Olness, 1973) in which only the complexes with 
maximum adsorption were degraded. Enzymatic 
degradation resulted in a complex containing about 
28 per cent dextran (40 mg/100 mg clay). 

One possible explanation of the differences in the 
results reported here and those of Clapp et al. 
(1968) is the sample preparation procedures used. 
We prepared nominal 20 per cent complexes with 
each dextran using the Na~SO4 flocculation method 
of Clapp et al. (1968) to get a more direct compari- 
son with their results. The diffraction patterns of 
the salt flocculated complexes show single peaks 
at about 15.5 ,~ for a 14.5 per cent Polytran and 
12.7 per cent B-512F complex respectively. The 
maximum spacings of the corresponding complexes 
prepared without excess salt were 14.5 and 14.2 
for the Polytran and B-512F complexes, respect- 
ively. This evidence may explain the absence of 
both expanded and collapsed crystals in previously 
reported c lay-dextran complexes and the observa- 
tion of relatively large (> 7 A) crystal expansions. 
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R6sum6-Les diagrammes de diffraction X obtenus avec les complexes montmorillonite-dextrane 
pr6par6s soit avec le dextrane B-512 F soit avec le dextrane Polytran montrent un gonflement cristallin 
maximum de 5,3,~ pour le mat6riel s6ch6 h l'6tuve. Les diagrammes de diffraction X de pr6parations 
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individuelles de complexes contenant moins de 20 per cent de dextrane prouvent l'existence simul- 
tan6e de cristaux gonfi6s et non gonfl6s. L'observation de cristaux gonfl6s et non gonfl6s dans des pr6p- 
arations individuelles n'ajamais 6t6 faite dans des travaux ant6rieurs et elle est apparemment reli6e h la 
pr6paration de l'argile. On a pu estimer la quantit6 de dextrane qui pourrait interagir avec la surface du 
silicate au moyen des poids et des volumes de polym6re adsorb& A l'adsorption maximum tout le B-5 
12 F adsorb6 pourrait &re en contact avec la surface du min6ral, alors que seulement les deux tiers du 
Polytran adsorb6 se trouveraient dans la m~me situation. 

Kurzreferat--R6ntgenbeugungsdiagramme von Montmorillonit-Dextran-Komplexen, die entweder 
mit B-512 F oder Polytran-Dextran herogestellt waren, zeigten in ofentrockenem Zustand eine max- 
imale Kristallaufweitung von etwa 5,3 A. Rtintgenbeugungsdiagramme einzelner Komplexpriiparate, 
die weniger als 20% Dextran enthielten, ergaben Hinweise auf sowohl expandierte als auch kon- 
trahierte Kristalle. Uber die Beobachtung von aufgeweiteten und kontrahierten Kristallen in einzelnen 
Pr~iparaten ist bisher nicht berichtet worden. Sie h~ingt offenbar mit der Pr/iparation des Tons zusam- 
men. Ein Schfitzwert fiir die Dextranmenge, die mit der Silicatoberfl/iche in Wechselwirkung treten 
kann, wurde unter Beriicksichtigung der Adsorptionsgewichte und -volumina der Polymere erhalten. 
Bei maximaler Adsorption kann fast das gesamte sorbierte B-512 F, jedoch nur zwei Drittel des 
sorbierten Polytrans in Kontakt mit der Mineraloberlt/iche treten. 

Pe3 ioMe- -PeHTreHorpaMMbl  KOMnneKCOB MOHTMOpHnJ]OH14Ta--jlercTpaua, CnRTe3npoBaHnblX C 
B-5 1 2F  ha14 c l-IoJI14TpaH 21eKCTpaHOM, HoKa3aJIl4 MaKC14MaJlbHOe yBeJIH~IeHHe B O6"beMe BbICyUleHUbIX 
IIpli BblCOKOH TeMIIepaType KpHcTaJIJIOB rlp14MepHo Ha, 5,3 A. H a  pesTrenorpaMMaX HH]IHBH~yaJIbHO 
npRrOTOBneHHbIX o6pa3uOB, co~epacatu14x < 20 % ~eKcTpaua, 3aMeT14n14 KaX yBe~mIe14Hbie B 06~,eMe 
KpHcTaJIJIbl, TaK 14 pa3pymeHHble. 3aMet~e14Hoe yBe~i4qeH14e B 067~eMe Kp14cTaJ/J'IOB 14 14X pa3pymeH14e 
pa14ee He 6bIJ10 yI"IOM~HyTO 14 IIO-B14,/][14MOMy 3TO 3aB14C14T OT Ho~trOTOBK14 rf114Hbl. I/Ic~I14CJIe1414e KOnl, l- 
'~ecvBa aeKcTpaHa M o r y m e r o  B3aI4MO~e~CTBOBaTb C rIoBepxHoCTblO c14am~aTa 140ay,mnnn npnn IIOMOlllrI 
necoBo~i nn 061,eMao~ aacop6u1414. Ylp14 MarC14Maab140~ a~cop6tm14 nO'iT14 '~TO Becb a~cop6HpoBaHrmI~i 
B-512F MO~eT 6blTb B KOaTarTe C HoBepXHOCTblO M14Hepaaa, no  a~cop6r~poBan140ro FlonnnTpaHa 
TO.rIbKO ,lIBe TpeT14. 
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